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ABSTRACT 
The production of hazelnuts represents an important resource for several Italian rural areas. Sicily and Piedmont, 
two of the most important producers of hazelnuts, are affected by the presence of the dormouse (Glis glis), that 
has considerably severely harmed the production of hazelnuts. This study aims to analyse the issue in the Province 
of Cuneo in Piedmont and to evaluate the sustainability of the policies implemented by using the System Dynamics 
(SD) methodology. An SD predator-prey microworld was built to reproduce the main relevant cause and effect 
relationships between the development of the dormouse population and local hazelnut production. The results of 
the SD microworld simulation show the effects of reduction policies on hazelnut production over time. The findings 
and further research recommendations are briefly reported in the conclusion section. 
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1 Introduction 
Recently, Italian hazelnut production suffered a loss with serious socio-economic repercussions in some areas, due 
to the presence of the fat dormouse, Glis glis that represents the largest member of the dormouse (Gliridae) family 
and has several specific characteristics. A feature distinctive to dormice, hibernation in Glis glis can last up to 7–
8 months. Before hibernation, dormice accumulate large quantities of body fat by feeding on the most nutritious 
food sources available in autumn (Juškaitis, 2015, p. 155). Preliminary surveys conducted in the province of Cuneo 
have found that hazel trees are easily accessible to the rodents, which bring direct damage by consuming hazelnuts 
(Cimini et al., 2016). In Sicily, local authorities have started to monitor the presence of this animal, as some farmers 
have already reported a loss of 70% of their hazelnut crop. The damage caused by the rodents is easy to verify 
because the shell of the nut is characterized by an abnormal circular cut. 
This problem originated in the mid-20th century, when, in several Italian rural areas, human activity: urbanization, 
hunting, pollution, and so on, caused a reduction in (in some cases even the extinction of) several predators, such 
as wolves, eagle owls, and others. This led to the formation of new equilibria, as, for example, in our case, a 
proliferation of dormice in Sicily and Piedmont. 
In the Province of Cuneo in Piedmont, after seeing a drastic loss of production due to the presence of the rodents, 
local authorities have started to monitor the problem and started collecting data. Even though they have reduced 
the loss over time (Fig. 1), there is uncertainty over the sustainability of the policies implemented (ISPRA, 2016). 
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Figure 1 Hazelnut dynamics data from a public survey 
  
 
Source: (ISPRA 2015) 
 
In Cuneo, in the mid-70s, the slopes of the areas most affected by the phenomenon (Valli Bormida, Belbo and Alta 
Langa’s Area) were intensively cultivated with cereal crops, meadows and pastures; there were not many hazels. 
Later, with the gradual depopulation of the hilly areas, the land was gradually abandoned, allowing for the recovery 
of the forest and its undergrowth, which, together with the now reduced consistency of human presence, have been 
the ideal habitat for the proliferation of wild animals and species introduced to promote the practice of hunting 
(primarily wild boars and roe deer) (ISPRA, 2016, p. 1). Since 1990, farmers have cultivated hazels on previously 
idle land or through the elimination of wooded areas. The development of hazels near the wooded areas has allowed 
the fat dormice in the woods to feast on hazelnuts, one of their favourite foods (ISPRA, 2016: 1). Dormice are 
nocturnal rodents and usually live in trees. Their fertility rate can reach 11 offspring per year (Kryštufek, 2010), 
particularly in the presence of sufficient seed abundance, which acts as an environmental signal to which dormice 
adjust their reproduction (Lebl et al., 2010). 
Since 2008, local public authorities have started to monitor the presence of the dormouse in Cuneo. Although the 
damage caused by the rodent has decreased, the policy makers are researching new possible solutions. 
Hazelnuts and dormice are just two actors in an ecosystem. An ecosystem can be considered a set of plants, 
animals, fungi and microorganisms that live in biological communities and which interact with each other, the 
physical and chemical environment, adjacent ecosystems, the water cycle and the atmosphere (Odum, 1989). 
The interactions among species in a food web and their relations to water flow and biogeochemical cycling are 
complex and nonlinear, and contain lags and discontinuities, thresholds and limits (Folke, 2007, p. 30). 
Although the environmental conditions vary considerably between the various Italian regions, some characteristics 
and relationships are the same or strongly similar. Therefore, because no policy has yet been implemented in some 
regions due to legislative constraints or for lack of data, this study can be a support tool for the formulation of any 
new policies, taking the case of the Province of Cuneo as an example due to its inherent dynamic complexity. 
 
2 Material and Methods 
Ecosystems are complex, self-organizing systems nested across temporal and spatial scales (Levin, 1992). The 
successful management of ecosystems is essential for environmental sustainability (Sonak, 2013, p. 99), defined 
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as the maintenance of important environmental functions and hence the maintenance of the capacity of the capital 
stock to provide those functions (Ekins et al., 2003). Environmental functions in this context can then be defined 
as the provision by ecosystem of goods and services that satisfy human needs (Sonak, 2013, p. 99). 
As agricultural systems shape the very assets on which they rely for inputs, a vital feedback loop occurs from 
outcomes to inputs (Worster, 1994). Thus, sustainable agricultural systems tend to have a positive effect on natural, 
social and human capital, while unsustainable ones feedback to deplete these assets, leaving fewer for future 
generations (Pretty, 2007). Martin et al. (2007) state that natural resource management in complex, adaptive socio-
ecosystems requires a mix of good practice, policy, science and intuition. In this context, an SD approach can 
facilitate the decision-making process regarding the planning and control of farms, food processing plants and 
local public authorities (Thompson et al., 2007, Škraba, 2008; Bianchi, 2016). 
Chan and Huang (2004) argue that systems thinking and an integrated approach can be appropriate for dealing 
with the sustainability of local development. The decision-making process regarding the planning of local 
development also implies the need to identify trade-offs over time (i.e., between the short and long run) and across 
space (i.e., between one sub-system and another), in relation to alternative policies (Bianchi, 2016, p. 4). 
Complex systems are typically characterized by interconnected and interdependent elements and dynamic 
feedback processes. SD represents a useful methodology to understand the structure and dynamics of complex 
systems as stated by several scholars (Forrester, 1969; Sterman, 2000; Ford, 2009; Bianchi, 2016). Forrester (1969) 
developed the SD methodology in the early 1960s with the purpose of studying and managing complex 
phenomena. 
This methodology is also a rigorous modelling method that enables us to build formal computer simulations of 
complex systems and use them to design more effective policies into the organizations. Indeed, it offers the 
possibility of creating a safe and controlled laboratory environment, in which it is possible to simulate various 
policies without creating any damage in the real context. This can support planning and control systems by helping 
to identify the best strategy; moreover, it can represent an instrument of learning and engagement. 
Bianchi (2016) argues that dynamic complexity should be distinguished from combinatorial (or static) complexity. 
The latter is associated with a high number of variables and multiple relationships, where both relationships and 
variables tend to remain stable over time. The former is, instead, associated with unpredictability in such 
interconnections, because of delays, nonlinearities and multiple feedback loops, whose dominance affects the 
system’s behaviour (Senge, 1990; Morecroft, 1998; Sterman, 1994). To study the structure and behaviour of a 
complex system, it is necessary to engage in an iterative process of developing and refining SD models. 
Through SD Methodology, a system can be represented with a Casual Loop Diagram (CLD) or with a Stock & 
Flow Diagram (SFD). CLDs are simply maps showing the casual links among variables with arrows from a cause 
to an effect (Sterman, 2000, p. 102). CLDs are characterised by the presence of reinforcing loops and balancing 
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loops1. While CLDs help to understand the dynamics of the system from a qualitative perspective, SFDs are a way 
to reproduce a system from a quantitative perspective2. 
The model was developed from two different information sources: interviews with experts in the agricultural sector 
and literature searches. Although the model has some similarities with the Lotka Volterra Models, usually called 
Prey Predator Models (Wangersky, 1978), there have been no studies on the dynamics between hazel groves and 
dormice. One of the peculiarities of the population of dormice is its non-linear fertility rate that depends on the 
availability of food. While, in other models, the fertility rate for each animal remains constant, in this case it will 
adapt to the needs of the ecosystem, maintaining a balance with the territory. 
A synthetic CLD of the issue of the production of hazelnuts in Cuneo, is shown in Figure2, where it is possible to 
detect the main loops; the dashed lines show the introduction of a policy to increase the gross production, by 
planting new trees to satisfy market demand. In this case, the growth of the net production will be counteracted by 
the balancing loops 1 and 23. The dotted lines show two different macro-strategies: protecting trees and placing 
traps to catch dormice. By protecting trees, the population of dormice will reach a new equilibrium (based on the 
balancing loops) that will be defined by the level of available food. By placing traps to catch dormice, there will 
be a counter-intuitive phenomenon caused by dynamic complexity. While, in the short run, there will be a reduction 
in the loss of nuts, caused by the reduction of the population of dormice, in the long run the balancing loops will 
counteract this strategy. Furthermore, it will be necessary to place more and more traps due to the exponential 
growth of the population of dormice due to the reinforcing loop. 
  
 
1
 While a reinforcing loop is a loop, where the variables reinforce each other leading to increased growth or 
decline; a balancing loop is a loop where variables counteract (negative feedback) thus creating a balanced state 
(Ghosh, 2017, pp.275–277). 
2
 Stock-and-flow models use four main kinds of variables, i.e.: (1) stocks, (2) flows; (3) inputs, and (4) 
auxiliaries (Bianchi, 2016, p. 24). 
3
 An increase in available food will lead to an increase in the dormice population that will reduce the net 
production of hazelnuts. 
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Figure 2 The causal loop diagram of hazelnut production management in the Province of Cuneo 
  
 
While CLDs represent a purely qualitative model, SFDs allow the quantification of the relationships between the 
variables. Although it is sometimes possible to get the impression of having purely quantitative models, in this 
case, the presence of soft variables steers the analysis to have a more qualitative approach, identifying the dynamics 
of the system and the dominant loops.  
Figure 3 is an SFD that includes two interactive subsystems, describing some homogeneous characteristics and 
simple relations of the main system: Dormice and Hazelnuts. The dynamics of the cultivation of hazelnuts have 
been analysed using 72 variables, organized in two interdependent subsystems (Hazelnuts and Dormice). Hazels 
are represented as a stock, while hazelnuts as an auxiliary. Although hazelnuts and hazels should be susceptible to 
attack by several predators; this model considers only the dormouse as a predator. The system is dominated by 
several balancing loops because the ecosystem will always try to reach new equilibria, after some exogenous 
shocks. 
Figure 3 shows the Hazelnuts Subsystem of the SFD, while Table 1 shows the variables used and their units of 
measurement. 
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Figure 3 Hazelnut Subsystem 
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Table 1. List of Variables of the hazelnut subsystem of the SFD 
Variable Name Unit of Measure General information and assumptions 
Desired Acceptable 
damaged mature trees 
‘Number of trees’ Number of trees damaged by the dormice that can be 
accepted by the farmers.  
Desired Acceptable 
loss 
‘Kilograms’/’Years’ This variable defines the annual loss of hazelnuts that can be 
accepted by the farmers. The model assumes that there is an 
initial accepted loss and then this value starts to fall over 
time, according to the qualitative information obtained by a 
local report of a local public authority (ISPRA, 2015). 
Average lifetime of a 
mature tree 
‘Years’ A life cycle of 70 years is assumed 
Average lifetime of a 
safe tree 
‘Years’ A life cycle of 67.5 is assumed, assuming that securing a 
tree takes 2.5 years 
Change in market 
demand 
‘Kilograms’/’Years’ Exogenous data that replicate the flow of market demand 
data 
Damaged mature 
trees 
‘Number of trees’ Number of trees damaged by the dormice 
Dormice’s annual 
consumption of 
hazelnuts 
‘Kilograms’/’Years’ This data reproduces the annual hazelnut consumption of the 
dormice  
Dying Protecting 
Trees 
‘Number of 
trees’/’Years’ 
Number of protected trees that are ending their life cycle 
Dying Trees ‘Number of 
trees’/’Years’ 
The number of trees that are ending their life cycle 
Effective production ‘Kilograms’/’Years’ Net production defined by subtracting dormouse 
consumption from gross production 
Gap of mature trees 
to be protected 
‘Kilograms’/’Years’ Number of trees to be protected. This value depends on the 
strategy of the policy makers. 
Production gap ‘Kilograms’/’Years’ Shortfall in production compared to demand 
Loss of Hazelnuts ‘Kilograms’/’Years’ Minimum level between the annual maximum consumption 
of the dormice and total production. 
Initial market 
demand 
‘Kilograms’/’Years’ Exogeneous data collected by ISPRA (2016) 
Maturation Time ’Years’ It is assumed a that the mature trees have a constant 
production beyond their maturation age and start producing 
hazelnuts 3 years after planting. 
New trees to be 
planted 
‘Number of trees’ New trees to be planted will be defined by dividing the 
production gap by normal hazelnuts per tree. 
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Normal hazelnuts per 
tree 
‘Kilograms’/‘Number 
of trees’/’Years’ 
It is assumed that every tree has a normal hazelnut 
production of 5 kilograms per year 
Planting time 
frequency 
1/’Years’ It is assumed that there is only one time per year to plant 
new trees 
Planting Trees ‘Number of 
trees’/’Years’ 
It is assumed that the farmers plant trees according to their 
market expectations 
Potential production ‘Kilograms’/’Years’ This reflects the gross production, without considering any 
consumption by the dormice. 
Production edible by 
dormice 
‘Kilograms’/’Years’ This value represents the supply of hazelnuts that can be 
eaten by the dormice. 
Protected Mature 
Trees 
‘Number of trees’ The number of trees that have been protected by the farmers 
Protecting Trees ‘Number of 
trees’/’Years’ 
This is a policy lever and it depends on the goal of the policy 
makers. It is a flow that define the number of trees that are 
going to be protected. 
Replanted trees ‘Number of 
trees’/’Years’ 
In conditions of equilibrium, the farmers will plant the same 
amount as the total of dead trees. 
Switch to protect 
trees due to changes 
in acceptable loss 
Dummy value (0,1) – 
unitless 
This is a policy lever to start the process to protect trees. 
Switch to satisfy 
changes in market 
demand 
Dummy value (0,1) - 
unitless 
This is a policy lever to increase the gross production, by 
planting new trees to satisfy market demand 
Time to protect 
mature trees 
‘Years’ It is assumed that trees are protected for an average period of 
two years, even if it is plausible to consider a longer period 
for the implementation of the protection of the trees (in the 
short term, there is not much evidence in previous studies). 
Unprotected mature 
trees 
Number of Trees It is assumed that, at beginning, no tree was protected by any 
device (safety nets, ultrasounds, pruning, etc.) These trees 
represent the susceptible trees that produce hazelnuts, edible 
by dormice. 
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The previous subsystem shows that an increase in dormice reduces the effective production, but how do hazelnuts 
affect the dormice? In Figure 4, it is possible to verify these interactions; moreover, the dotted variables 
(‘Hazelnuts.desired loss’, ‘Hazelnuts.Unprotected Mature Trees’ and ‘Hazelnuts.Production edible by dormice’1) 
are inputs taken from the hazelnut subsystem. Table 2 shows the variables of the dormouse subsystem and the 
relevant information and assumptions. 
  
 
1
 While ‘Hazelnuts.Unprotected Mature Trees’ and ‘Hazelnuts.Production edible by dormice’ are endogenous 
variables, ‘Hazelnuts.desired loss’ is considered as an exogenous variable of the hazelnut subsystem. 
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Figure 4 Dormouse Subsystem 
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Table 2 List of Variables of the dormouse subsystem of the SFD 
 
Variable Name Unit of Measure General information and assumptions 
Acceptable 
population of dormice 
‘Number of dormice’  The desired population is defined by dividing the annual 
consumption of hazelnuts per dormouse by the 
acceptable level of hazelnut loss. 
Actual density ‘Number of 
dormice’/‘Number of 
trees’ 
The actual density is defined as the total population of 
dormice divided by the unprotected hazels  
Adult dormice ‘Number of dormice’  As the initial local population of dormice is unknown, it 
is assumed that the current population is consistent with 
the initial equilibrium conditions 
Adult starvation time ‘Years’ It is assumed that after 4 months of food shortages (one 
season), the dormouse dies of malnutrition 
Annual consumption 
of hazelnuts per 
dormouse 
‘Kilograms’/‘Number of 
dormice’/‘Years’ 
An average annual consumption of hazelnuts of 125 
kilograms per year per dormouse is assumed, using a 
study by Rodolfi (1994) as reference data 
Catching adult 
dormice 
‘Number of 
dormice’/‘Years’ 
This value depends on the composition of the dormouse 
population (young versus adult dormice) and on the 
strategy of the local policy makers to place traps in the 
area. 
Catching young 
dormice 
‘Number of 
dormice’/‘Years’ 
As with the previous variable, this value depends on the 
composition of the dormouse population (young versus 
adult dormice) and on the strategy of the local policy 
makers to place traps in the area 
Caught dormice ‘Number of dormice’  This value depends on the number of traps and the 
dormouse population as well on the density of the 
dormouse population 
Consuming traps ‘Number of 
dormice’/‘Years’ 
It is assumed that every trap can contain only one 
dormouse, therefore the model was simplified by not 
inserting the trap variable 
Dormice dying of old 
age  
‘Number of 
dormice’/‘Years’ 
The number of dormice that are ending their life cycle 
Effect of density ratio 
catching on dormice 
caught 
Unitless Using an s-shape line in a graph function, it is assumed 
that in the case of low dormouse density, the probability 
of capture will decrease drastically, while there will be a 
high probability of capture with a high density. 
Effect of food ratio on 
fertility 
Unitless The model intends to portray this effect by using a graph 
function, considering it with a horizontal asymptotic 
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pattern close to zero in the case of a lack of food and a 
vertical asymptotic trend up to the unit value in the case 
of a high presence of food 
Effect of food ratio on 
starvation 
Unitless The model intends to portray this effect by using a graph 
function, considering that an increase in the level of 
starvation will cause an increase in the mortality rate less 
than proportional to starvation. 
Female ratio Unitless The model assumes a 0.5 ratio between males and 
females 
Fertility fractional 
rate 
1/ ‘Years’ The fertility fractional rate is an endogenous variable, 
hardly influenced by the system. This rate is influenced 
by the availability of food (LEBL et al., 2010). 
Foetuses of dormice ‘Number of 
dormice’/‘Years’ 
Number of new dormice that are about to be born 
Food ratio Unitless This is a ratio between the available supply of hazelnuts 
and the demand for hazelnuts by the dormice 
Frequency of capture 1/’Years’ It is assumed a single frequency per year 
Frequency of trap 
placement 
1/‘Years’ A single instance per year is assumed 
Population gap ‘Number of dormice’ This value defines the efforts of the farmers to place 
traps. The higher the gap between the acceptable 
population and the current population of dormice, the 
higher the number of traps placed will be. 
Gestation time ‘Years’ An average gestation time of one month is assumed, as 
stated by Kryštufek (2010). 
Hazelnuts.desired loss ‘Kilograms’/’Years’ This variable was imported from the hazelnut subsystem 
Hazelnuts.production 
eatable by dormice 
‘Kilograms’/‘Years’ This variable was imported from the hazelnut subsystem 
Hazelnuts.unprotected 
mature trees 
‘Number of trees’ This variable was imported from the hazelnut subsystem 
Maturating dormice ‘Number of 
dormice’/‘Years’ 
The number of dormice that are becoming adults 
Maximum fertility 
fractional rate 
1/‘Years’ The maximum fertility fractional rate was defined as 11, 
as stated by Kryštufek (2010). 
Mean life expectancy ‘Years’ As a new-born dormouse takes one year to become adult, 
it is assumed that its mean life expectancy should be 5 
years. 
New-born dormice ‘Number of 
dormice’/‘Years’ 
This variable is defined by a delay function of first order. 
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Normal density for 
catching 
‘Number of 
dormice’/‘Number of 
trees’ 
This is a parameter that defines the normal level of 
population density; the capture rate of dormice will be 
affected if the density is lower than this value 
Traps placed ‘Number of dormice’ The number of traps placed. It is assumed that every trap 
can contain only one dormouse, therefore, the model was 
simplified by not inserting the ‘trap’ unit of measure. 
Placing traps ‘Number of 
dormice’/‘Years’ 
Due to the delay of accumulation, the model considers 
the variable Placing traps as a step function starting in 
2010. 
Policy traps switch Dummy value (0,1). 
Unitless 
This is a policy lever to start the process of protecting 
trees.  
Population ‘Number of dormice’ The total population is computed as the sum of young 
dormice and adult dormice. 
Probability of 
catching an adult 
dormouse 
Unitless This value depends on the composition of the dormouse 
population (young and adult dormice). It is computed as 
follows: ‘adult dormice / (young dormice + adult 
dormice)’ 
Starving adult 
dormice 
‘Number of 
dormice’/‘Years’ 
This value defines the annual number of adult dormice 
that are starving 
Starving young 
dormice 
‘Number of 
dormice’/‘Years’ 
This value defines the annual number of young dormice 
that are starving 
Time to become adult ‘Years’ It is assumed that a new-born dormouse spends an 
average of one year becoming an adult 
Young dormice ‘Number of dormice’ As the initial local population of dormice is unknown, a 
dormouse population consistent with the initial 
equilibrium conditions is assumed 
Young starvation time ‘Years’ It is assumed to be the same value as the adult starvation 
time 
 
The model is consistent with the conclusions of Ghirardi et al. (2010), showing that some features of the Hazels 
(proximity to the forest and interweaving of the branches of the hazels) are statistically correlated with the density 
of dormice, detected in cultivated fields. The two subsystems are strictly linked. An increase in hazelnuts will 
increase the dormouse population until reaching a stable ratio. An increase in dormice will decrease the effective 
production, causing a reduction in the dormouse population for lack of food. Therefore, this ecosystem will be 
stable unless the farmers introduce a shock to the environment. 
 
 15 
 
3 Results and Discussion 
The initial values and parameters were estimated from the primary and secondary data collected from research 
reports, especially from ISPRA (2015 and 2016); in case of the absence of quantitative data, some assumptions 
have been made, consistent with the qualitative information. The main assumptions are based on the value of some 
inputs. 
The model shows three policies implemented: planting new trees to satisfy the market demand, protecting trees 
from dormice and placing traps to catch dormice. 
In synthesis, the model shows different scenarios. Figure 5 shows the comparison between the historical data 
(dashed lines) and the simulation data (dotted lines), using both implemented policies. 
 
Figure 5 Simulated and historical data of hazelnut production in the Province of Cuneo 
 
 
Source: ISPRA (2015) 
 
Running the simulation, it is possible to change the set of the implemented policies. Applying all strategies (Fig. 
6), the farmers have the lowest loss of production; while through the implementation of only one strategy, the loss 
of production behaves differently. Adopting the strategy protecting trees, the loss continues to decrease to seek 
the goal of acceptable loss, because the dormouse population will decrease because of starvation. The model agrees 
with a recent study by Cimini et al. (2016) that suggests that there is no single preventive method that can eliminate 
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the damage caused by the dormouse; however, the concomitant use of other management actions may be able to 
reduce the damage suffered. Cimini et al.’s study was carried out through the monitoring of sample plots. 
 
Figure 6 Applying different sets of policies 
 
Source: Own elaboration 
 
The initial CLD (Fig. 2) helps to understand the dynamics of the policies implemented. An increase in dormice 
caught will decrease the dormice population, but these efforts to reduce the loss gap will suffer a sort of attrition 
due to balancing loops 1, 2 and 3. Moreover, in the long run, the policy makers will need more financial resources 
to place more traps because of the presence of a reinforcing loop. An increase in traps placed will decrease the 
food competition among dormice, causing an increase in its population, a reduction in the starvation rate and an 
increase in fertility rate due to the abundance of food, and, therefore, a consequent increase in traps to be placed. 
The policy protecting trees will reduce the dormice population exponentially, because of the dominating presence 
of the balancing loops. This policy should consider that a reduction in available trees will be effective to limit the 
reproductive capacity only if this reduction reaches a certain threshold (Fietz et al., 2005). Concerning the 
relevance of ecotonal orchard-forest zones, Capizzi and Santini (2007) state that branches providing contact 
between hazels and trees in wild wooded areas represent preferential transition points for dormice during the night 
invasions of orchards. 
Because of the organizational and temporal complexity of ecosystems, human intervention may have different 
effects at different times; these effects may also depend on which ecosystem components are impacted. More 
complex institutions may be necessary to maintain ecosystem functions in the face of human use, and they may 
govern not just the level and intensity but the timing, spatial pattern, and specific form of resource use. In principle, 
there is an inherent unawareness, as well as unpredictability, concerning these evolving managed ecosystems and 
the societies with which they are linked. The essential point is that evolving systems require policies and actions 
that not only satisfy social objectives but also achieve a continually modified understanding of the evolving 
conditions and provide flexibility for adaptation to surprises (Folke et al., 2007). 
 
4 Conclusions 
The predator-prey model shows that hazelnut production is affected by the presence of dormice. Using this SD 
model, it is possible to explain the operational relationships between the variables. The impact of several balancing 
loops shows that the presence of this animal is so endemic in the territory that only by changing the distinctive 
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characteristics of the local area (for example, by protecting all the trees) is it possible to find a sustainable solution 
in terms of hazelnut production. This implies several costs for the communities involved, and, because of the 
boundaries of the model, it is not clear if a drastic reduction can cause other effects on the ecosystem. 
The study finds that a mixed strategy could improve hazelnut production, but without protecting hazel groves (e.g., 
with safety nets, ultrasound, pruning, etc.), no policy will be fully sustainable. 
Although this study illuminates the effects of two macro-strategies (trapping and protecting trees), a deeper study 
should be considered to analyse the dynamic effectiveness of different micro-strategies for protecting trees, such 
as a buffer zone around hazel orchards (no-tree zones), physical barriers and chemical deterrents, which differ in 
cost, arrangement time and maintenance (Ghirardi et al, 2011). 
Further, this model can be a starting point to establish an interactive learning platform for local policy makers to 
employ in implementing similar policies and developing engagement among the stakeholders to build 
understanding of the dynamic complexity of this issue. Indeed, as the implementation of successful policies 
requires the involvement of different stakeholders and uncertainties are likely to remain high, this work could 
represent a tool for developing a facilitation strategy in which stakeholders elaborate shared ambitions and 
directions for solutions, and ecological scientists extend their participation in scientifically assessing policy 
alternatives (Hanssenn et al., 2009). 
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